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Tab las  1  -  9 


INTRODUCTION. 

The  engine  tasted  was  a  turbocharged  version  of  the  Mark  VI  angina 
(No*  4944)*  See  A*£S*L*  Reports  Nos*  }6$  and  369*  After  conversion  at 
the  maker* s  works  it  completed  157  hours  running  before  delivery  to  the 
laboratory. 

All  major  wearing  components  had  bean  renewed  exoept  the  main 
bearing  shells  and  camshaft  bearings*  The  single  helical  gearing  was 
replaoed  by  straight  spurj  now  part  of  the  build  of  the  Mark  VI 
production  engines. 

In  order  to  avoid  the  thermal  failures  experienced  in  the  Mark  IV 
test  (A.S.L*  Report  No.  }6})  the  fuel  stop  had  been  set  by  the 
manufacturers  at  an  acceptable  limit. 

Because  of  the  results  of  the  endurance  test  of  the  Mark  VI  engine 
with  0MD.112  lubricating  oil  (A.8.L.  Report  No.  369)  it  was  agreed  that 
Shell  Rotella  T*30  be  used  for  these  tests* 

SNEINB  DATA. 

Vertioal  two -stroke,  dlreot  injeotion,  compression  ignition  engine, 
exhaust  turbo-charged  and  interoooled,  with  mechanic al  supercharger  in 

series* 

6  cylinders  in  line  (92  am*)  bore  x  4*73"(l20  mm.)  stroke. 

Maker's  Rating  (intermittent  marine)  220  b.h.p*  at  2,000  r*p*m* 
Admiralty  Test  Rating  (marine)  1-  186  b.h.p*  at  1,800  r.p.m. 


Test 


Average  fuel 

Consumption 
lb  ./b.h.p  ./hr. 


Average  Lubricating 
Exhaust  Oil  Consumption 
fthsde 


72  hour*  *t  9%  A.T.R. 
12  •  ■  10C*  « 

■  1100 


0.43 


2  " 


II 


0.J71 

0.3^8 

0.370 


0.28 
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mtt  PT  MW- 


Loop  Toot 

r«p«a. 

1,500 

b*h.p« 

44.2  -  171.7 

boBteOePe 

P* Sale 

40  -  155 

N  N 

1,600 

47.2  -  182.9 

40  -  155 

it  a 

1,800 

53.1  -  210.0 

40  -  159.6 

a  a 

2,000 

59.0  -  221 .5 

40-150 

a  a 

2,100 

62.0  -  232.5 

40  -  150 

For  rssults 

see  Tables  1 

1  -  8  and  Pigs.  ' 

1  -  6. 

mmm- 

72  hours  it 

950  A.T.R. 

1,800  r.p.u. 

176.7  beh*p« 

133  p.s.i.  b.n.e.p. 

12  *  ■ 

lOCJt  • 

1,800  " 

186,0  " 

140  "  " 

2  a  a 

110J8  " 

1,800  " 

204.6  beh.pe 

154  "  " 

T28T  PROCTDQRB. 


The  engine  m  installed  as  reoeived,  solidly  aounted  on  a  taat  bad 
inclined  at  15°  to  the  horlsontal  and  coupled  through  a  oar  dan  shaft  to  a 
Heeaan  A  1 roudt  DPX4D  dynaaoueter.  Distilled  water  was  used  In  the  ooolant 
oirouit.  Haw  water  inlet  teaperature  was  variable  between  58* and  83°P. 


Conatruatioa. 

The  oonetruotl on  and  all  wain  ooaponents  of  the  Mark  VII  engine  tested 
were  idsntioal  to  the  Mark  VI  engine,  the  principal  aodifioatioa  being  the 
addition  of  the  Holset  Model  4  turbo-charger  with  a  two-entry  exhaust 
aanlfold  and  air-ohargs  intsroooler  aounted  over  the  heat  exohanger  at  the 
R.H,  side  of  the  engine  (see  Trontiepieoe) .  A  aodified  snall-end  bush 
whiah  gives  larger  bearing  area  by  the  elinination  of  the  internal  oil  way 
to  supply  piston  ooollng  oil  was  fitted  to  the  new  connecting  rods*  The 
piston  oil  supply  is  now  fed  froa  the  outside  of  the  see  11 -end  bush*  An 

inereased  oapaoity  sea  water  puap  was  also  fitted,  driven  off  the  front  end 
of  the  oaashaft. 

The  Holset  turbo-ohargsr  (see  Tig*17)  consists  at  an  integral  turbine 
wheel  and  shaft  to  which  is  scoured  the  ooapressor  rotor.  The  rotating  a 

unit  is  carried  in  a  centrally  aounted  oore  aseeably  with  two  engine  oil 
pressure  fed  sleeve  bearings  whioh  are  fully  floating.  Piston-ring  oil 
seals  are  fitted  outboard  of  each  bearing* 
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Accessibility  for  routine  maintenancs  is  reasonable a  The  exhaust 

manifold  is  inaccessible  without  removing  the  charge  oooler,  heat 
exohanger  and  heat  shield.  An  exhaust  gas  leak  was  experienced  at  the 
joint  marrying  the  two-piece  manifold  which  was  not  readily  visible  until 
the  engine  was  stripped*  A  piston  ring  seal  is  to  be  fitted  at  this  joint 
before  commencing  the  Part  HI  test* 

Stripping  the  engine  for  major  overhaul  is  comparable  to  the  Mark  IV 
engine*  One  aeohanio  and  one  labourer  oan  strip  the  engine  when  it  is 
mounted  in  an  overhaul  stand  in  8  -  10  hours,  rebuilding  taking  14  -  16  hours* 

SSftE&Bd' 

No  difficulty  was  experienced  when  starting  the  engine  at  normal 
ambient  temperatures* 

It  is  intended  to  subject  the  engine  to  cold  starting  tests  after  the 
completion  of  the  Part  III  test* 

apyJSBRfafr 

The  engine  will  idle  satisfactorily  when  warm  down  to  320  r* p*m* 
Vibration  and  Nolae. 

No  undue  vibration  was  experienced  at  any  of  the  test  speeds*  The 
noise  level  appeared  considerably  less  than  the  Nark  VI  engine  and  the 
exhaust  noise  level  with  the  silencer  supplied  by  the  makers  in  series 
with  the  test  oell  arrangement  was  just  audible* 

Coobuatlon. 

The  combustion  characteristics  of  the  engine  are  good,  as  shown  by 
the  condition  of  the  exhaust  ports  and  turbo-charger*  Shading  of  the 
exhaust  was  not  visible  below  120  p*e*i*  b*m*e*p*  at  aqy  of  the  test  speeds, 
and  sensible  shading  was  only  noticeable  at  the  maximum  fuel  stop  position* 

Uferloatlnx  Oil. 

Samples  of  the  Shell  Rotella  T*30  lubrio sting  oil  were  analysed  by 
A.O.La  and  results  given  in  Table  9 «  Shell  International  Petroleum  Co* 

Ltd*  also  analysed  a  final  sample  with  the  following  result :- 

Viscosity  Redwood  I  at  140°P  (seoe*)  2 33 

Insolubles  in  n.Heptane  (jt  wt*)  1*6 

"  in  Bensene  {%  wt*)  1*0 

T*B*N*E*  ng.KOfi/g.  3*2 

They  commented  as  follows 

"The  appreciable  increase  in  vieooeity  and  significant  difference 
between  the  n.Heptane  end  Bensene  insolubles  point  to  appreciable  oxidation 
of  this  oil  charge*  We  would,  however,  be  able  to  make  more  useful  oommenta 
on  oil  deterioration  in  this  angina  when  we  have  examined  a  series  of  samples 
from  an  snduranos  ran”* 

Condition  Aftar  Taat. 

Tho  oondition  of  tho  angina  aftar  taat  raflaota  tha  tbarnal  limitation 
of  tha  piaton  and  —11  and  aaaaabljr.  Tbair  appaaranoa  ahowi  dafinita 
indioationa  of  ovarhaating  of  tha  gudgaon  pint  and.  tha  ajraa  of  tha  oonnaotlng 
roda.  Tha  laoqusr  glaaa  praaant  on  tha  linara  and  piatona  la  alao  thought 
to  ba  dua  to  thair  high  taaparatura  ooabinad  with  lubricating  oil  oxidation. 
(Sao  Tabla  9).  Oxidation  of  tha  oil  *a]r  ba  in  part  attributable  to  tha 
turfeo-ohargar,  in  ahioh  hot  ooaprsaaad  air  ia  blad  into  tha  baaring  oil  apaoa 
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to  prevent  ga«  lea kage.  This  oould  lead  to  foaming  of  the  oil  in  the 

return  pipe  and  oxidation. 

It  was  observed  that  the  pistons  appeared  to  be  hotter  at  the  drive 
end  of  the  engine  remote  from  the  oil  feed*  An  increase  in  the  main  oil  * 

flow  should  improve  this  condition. 

The  oondition  of  the  cylinder  heads  was  in  general  satisfactory, 
observing  that  the  heads  of  the  hark  VI  engine  showed  some  distress  after 
the  endurance  test  (see  A.E.L.  Report  No.  569)*  The  wear  (0.0003”  max.) 
experienced  on  the  gudgeon  pins  was  acceptable  for  the  loading  and  hours 
run  to  date  (309)  and  shows  considerable  improvement  when  compared  with 
the  Hark  IV  and  Hark  VI  engines.  No  other  major  component  showed 
appreciable  wear,  except  the  top  of  the  valve  stems  indicating  the  non¬ 
rotation  of  the  valves. 

The  condition  of  the  Roots  blower,  partially  stuck  at  the  end  of  the 
test,  was  attributed  to  the  effeot  of  the  high  air  temperature  on  the 
grease  used  in  assembly. 

The  oondition  of  the  Holset  turbo-charger  was  satisfactory  and 
reflected  the  dear  ooobustion  oondition  of  the  engine  exhaust.  The 
injeotor  needles  showed  evidenoe  of  blow-by  which  was  considered  to  be 
due  in  part  to  the  loss  of  setting  pressure  probably  due  to  spring 
settling.  It  was  established  that  the  nossles  had  not  been  re-set 
since  they  were  initially  fitted  and  bad  be«i  in  use  for  309  hours. 

FUTURE  IgVBLOPMKMr. 

Three  non-ferrous  prototype  cylinder  heads  with  insert  valve  teats 
and  valve  rotators  are  to  be  introduced  for  the  Part  in  teat.  The 
lubxloating  oil  flow  rate  is  to  be  increased.  A  more  efficient  inter¬ 
cooler  it  to  be  tried  in  order  to  reduce  the  inlet  air  temperature. 

CONCiraiONS. 

1 .  The  turbo-charging  of  the  Mark  VI  angina  has  considerably  increased 

ite  power  and  improved  the  power/weight  ratio.  It  oar  be  reoommended  for  * 

Admiralty  servioe  for  a  125  W  generator  application. 

2.  This  engine  requires  a  high  quality  lubricating  oil. 


S«J.  Watts,  Sen. So  .Asst. 
K.S.  Foster,  So  .Asst. 

Submitted  by  V.H.  Ray,  P.S.0. 
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SPECIFICATION  AND  COMPONENT  REPORT* 

Makar:  Messrs.  7 odens  Ltd*,  Sandbaoh,  Cheshire* 

Ttype:  Vertioal  two-stroke,  direot  injection,  compression  ignition 

engine,  exhaust  turbo-charged  and  interoooled  with  meohanioal 
supercharger  in  series* 

fype  No.:  7.D.6*  Mark  VII* 

Purpose:  Vehiole  and  Marine  propulsion*  Generator  duties* 

Maker's  Continuous  Rating:  200  b*h*p*  at  2000  r*p*n*  (B.S*  2953)* 

Admiralty  Test  Rating:  186  b*h*p*  at  1800  r*p*m* 

No*  of  Qylinders:  Six* 

Bore:  92  mm*  3*622”  dia* 

Stroke:  120  am*  4*72” 

Total  Swept  Volume:  4*8  litres*  (293  ou*ins*)* 

Compression  Ratio:  14  :  1  approx* 

Piston  Speed:  1575  ft*/min*  at  2000  r.p.m. 

Tiring  Order:  1 ,  5#  3,  4,  2,  6. 

Lubricating  Oil  Capacity:  5  gal* 

Rotation  Looking  on  Tree  End:  Clookwise* 

Timings: 

Inlet  Port  opens  43°  before  B*D*C* 

"  ”  oloses  43°  after  B.D.C. 

Exhaust  Valve  opens  80°  before  B.D.C* 

"  ”  oloses  42°  after  B*D*C* 

Injeotion  (static)  begins  29°  before  T*D*C, 

Tappet  Clearance:  0*01  (F  (odd)* 

Overall  Dimensions: 

Length  41  ft 

Width  2'  7” 

Height  above  o  rank  shaft  2f  7#” 

Depth  below  orenkehaft  1 ■  6f” 

Weight:  1680  lb*  (dxy)  without  gearbox* 

Wt*/b*h*p*  at  200  b*h*p*  rating  8*4  lb* 

Wt*/ou. in./S wept  Volume  5*74  lb* 

b*h*p*/Lit re  41*7  at  200  b*h«p*  rating* 
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13.0 

473 

3.2 

AMD 

00 

77 

9 

112 

ooo 

1U 

540 

3.9 

44.044 

50 

•0 

01 

110 

73° 

<M 

000 

4.7 

44.270 

57 

00 

09 

ia 

j 

;  «0 

12.5 

100 

5.0 

52.550 

50 

01 

99 

i3t 

910 

a.6 

715 

0.7 

54^40 

54 

01 

* 

135 

950 

10.7 

740 

7.3 

55.774 

52 

i 


I-  30.00  •%. 


lull  IXflHP 


<MMT  4M44IT 

Air  UK 

Air 

fTM. 

Air 

la 

Ott 

V 

1 

3s 

•r 

oai« 

Ft/91 

fhm 

O.IA 

V* 

(Ft) 

•T* 

09 

5.1 

ia 

1.20 

472 

a 

5.7 

173 

as 

i 

71 

5.7 

140 

1.9 

490 

19 

co 

170 

23.0 

!  74 

0^ 

104 

140 

595 

110 

no 

190 

•0.7 

70 

l*k 

|  109 

1.51 

503 

101 

14a 

195 

30.0 

00 

CO 

i  015 

t 

i.a 

006 

131 

ici 

am 

34.4 

a 

1C3 

241 

1.9 

051 

140 

at 

215 

39.9 

05 

11.1 

ott 

1.91 

09 

150 

23.7 

200 

40.0 

TABU  6, 


72  HOURS  EHMAJCE  TEST.  95*  A.T.R.  176.7  b.h.p.  133  P.«.l.  b.a.«.p.  1600  r.p.B. 


1st 

2nd 

3rd 

72 

Anrt|« 

24  Houra 

24  Bouts 

24  Bom 

Hours 

fVMl  CocMpilon 

lb*  A>*h*p*/hr. 

.372 

.371 

.371 

.371 

Gxbnut  Sbada 

C 

C 

C 

c 

Mam  Praaaura  p*a.  1* 

41 

42 

42 

42 

Lufarieatim  oil 

T«*.°r 

In 

Out 

232 

2(i3 

230 

242 

229 

242 

230 

242 

Coolant 

mp.°r 

In 

159 

158 

155 

157 

Out 

170 

169 

166 

168 

T«ap*°F 

In 

76 

78 

74 

77 

Ror  Wator 

Out  of  Intarooolar 

65 

65 

82 

64 

Out  of  Boat  Exchangar 

120 

120 

116 

119 

In 

Moan  Twp*°r 

659 

654 

652 

655 

Turbina 

Exhaust 

Oaa 

Hnd  Praaa*aHg* 

17.0 

16.7 

16.7 

16*6 

Out 

Mmh  T«*.°f 

699 

697 

696 

697 

Ptm*.  'HfiO 

4*6 

4.6 

4.6 

4*6 

Sptatf  r*pA 

47*520 

47*424 

47*333 

47*426 

Turbo«Q»rsar 

Lubricating  Oil  Prasa*  p»a*l* 

55 

55 

55 

55 

In 

Tnap*°F* 

79 

76 

77 

76 

0*r.  *ijO  (PI) 

6.1 

5.9 

5.9 

6*0 

Coa^raaior 

Air 

Out 

Tmp.°P 

189 

186 

186 

187 

Praaf*  Ratio  F2/P1 

1.55 

1.54 

1.54 

1.54 

Air  Flan 

520 

517 

517 

518 

In 

tk*p.°r 

118 

116 

114 

116 

Root#  Blowar 

Booat  Air 

Pr«M.*6|.(P2) 

15.6 

15.5 

15.4 

15^ 

nsmm 

174 

173 

173 

173 

25.7 

25.3 

25.2 

25.4 

Mlant  Twqparatura  V 

% 

73 

72 

73 

Biramr  % 

29.54*30.36 

Oil  CotnpUw  16  Pint*,  19.9  Ik.  0.28  lU/tr.  0.4*  fMX. 


TABLE  7. 


12  BOWS  flPUWCE  TEST.  IOC*  A.T.R.  186  b.Jup.  140  p.».l.  b.fct.p.  1800  r.p.B. 


Arms* 

1st 

2nd 

3rd 

12  I 

4  Hours 

4  Hours 

4  Hours 

Putl  Consumption 

lb*/bjup./br. 

.369 

.367 

.567 

|  Exhaust  Shads 

c 

C 

C 

m 

Main  Prtssurt  p.s.1. 

42 

41 

42 

m 

Lubrlottlna  Oil 

T«p.°r 

in 

230 

236 

251 

252 

Out 

244 

249 

244 

846 

Coolant 

t^.«r 

IB 

cut 

15« 

165 

160 

171 

154 

166 

157 

167 

Tt*p.°r 

in 

69 

76 

70 

72 

Km  Wator 

Out  of  Xntarooolor 

77 

84 

77 

79 

Out  of  Boat  Exehansar 

113 

120 

114 

116 

Turbina 

Exhaust 

Oaa 

m 

MMn  T*p.°F 

876 

890 

879 

882 

Moan  Proas* •Ha. 

17.5 

17.4 

17.5 

17.5 

Out 

M**n  Twp.°r 

714 

727 

717 

719 

Prass.  •H^O 

4.8 

4.9 

4.9 

4.9 

Spoad  r.p*s. 

48*385 

48,513 

47.735 

48,214 

Turbo-Chanor 

Lubrloatlna  Oil  Prass.  p.*.  U 

55 

55 

55 

55 

m 

Tm^.ar 

80 

87 

82 

85 

D*J>r.  *BjO  1P1) 

6.2 

6*2 

6.2 

6.2 

Coopraaioi 

Out 

Twa*.°r 

195 

205 

192 

197 

Air 

Proas.  Ratio  P2/P1 

1.57 

1.57 

1.57 

1.57 

Air  Plow  c*f.s* 

528 

528 

538 

526 

In 

To^w°r 

115 

122 

115 

117 

Roots  Blowor 

Boost  Air 

Pr*M.al|.(K) 

16.4 

16.3 

16.3 

16.3 

174 

178 

174 

175 

ESSTjHHi 

26.3 

26.0 

26.2 

26.2 

JtfcUnt  Toptratura  °T 

72 

82 

74 

76 

Baroaator 

J0.00-J0.04 

LSeULS- 


11QH  A.T.A.  200.6  b.b.p.  ISO  p»«.l.  b.n.».p.  1800  r.p.«. 


TABUS  9 


3HBLL  ROTBLIA  T5Q  LUBRICATING-  OIL  ANALYSIS ♦ 


Hours  Run  by  Sanpla 

Unusnd 

152 

Flash  Point  °P. 

*45 

435 

Viscosity  Kinematic  at  100°7  o*s. 

111.6 

172 

Pantans  Insolublts  % 

- 

0.35 

Bans  ana  Insolublss  % 

- 

0.24 

ACIDITY  (Elaotroaetrio  Titration) 

Initial  pH 

8.2 

5.5 

Total  Aoid  Nunbar  pHII  ngaKQiV'g* 

1.02 

4.1 

Total  Bass  Nunfear  pH  A  "  " 

8.6 

0.85 

Carbon  Rasidua  (Raasbotton)  % 

1.31 

2.66 

Sulphatsd  Rasidua  % 

1.43 

1.79 

Watar  % 

Nil 

Leas  than 
0.01 

A.O.L,  Rafaranos  No* 

4075/62 

66C/63 

\\±M 


A.E.L.  REPORT  NO  375. 
FRONTISPIECE. 


FOOEN  F.D.6.  ENGINE. 


A.E.L. REPORT  NO.375. 
FIG.  7. 


ANO  THRUST  WASHERS. 


A.E.L.  REPORT  NO.  375. 
FIG.9. 


«/« 

w 

5 


(A 


* 

O 


§ 


LARGE  END  REARING  SHELLS. 


A.E.l.  REPORT  NO.  375. 
FIG. 12. 


INJECTOR  NEEOIES. 


A.EJ..  REPORT  NO.  375 
FIG. 13  114. 


FIG.I4 


TURBINE  HOUSING. 


A.E.L.  REPORT  NO. 375 
FIG. IS  &  16. 


COMPRESSOR  ROTOR  AND  HOUSING. 


COMPRESSOR  EXTENSION. 


A.E.L.  REPORT  NO.  375. 
FIG. 17. 


FIG.I7.  SECTIONAL  VIEW  HOLSET'  HOOEL  4  TURBOCHARGER. 
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